To present an overview of the association between depressive symptoms in childhood and adolescence and subsequent overweight in later life. Abstracts of 513 articles were reviewed manually. Studies were excluded if unrelated to depressive symptoms and overweight (n = 460), if they were conducted in an adult population (n = 10) or in a population of all age groups (n = 2), or if they were performed in clinic-based populations of overweight participants. In total, 32 articles were reviewed including 21 cross-sectional and 11 longitudinal reports.
W O R L D W I D E , T H E prevalence of childhood overweight is increasing. In the United States between 2002 and 2004, the prevalence of overweight in 6-to 19- year-old individuals was 31.8% among males and 30.3% among females. 1 In Europe, numbers vary from 10% to 20% in the northern areas to 20% to 35% in Mediterranean areas. 2 This results in an increased prevalence of complications of overweight such as hypertension, dyslipidemia, and diabetes mellitus type 2. For example, the Centers for Disease Control and Prevention estimates that one-third of the children born in the United States in 2000 will eventually develop diabetes. 3 Thus, prevention of overweight is a major public health concern. Targeted and tailored preventive strategies that consider cost-effectiveness need to be developed, and, therefore, important predictors of overweight in childhood and adolescence need to be determined. Predictors of overweight in childhood and adolescence are also appropriate to identify groups at high risk.
A recent review identified both somatic factors such as dietary intake and parental overweight and psychosocial factors such as lifestyle, temperament, socioeconomic status, and parental control of feeding as possible predictors of overweight. 4 Depressive symptoms have been described as a predictor and as a consequence of overweight, primarily in adults but also in adolescents. 5 Identifying treatable predictors such as depressive symptoms could lead to better strategies for prevention of overweight.
Adolescence is a decisive period in human life because of the multiple changes that occur between childhood and adulthood. Puberty is the primary neurohormonal determinant of both physiologic and psychologic changes, although other social and behavioral factors must also be considered in this process. 6 In adolescence, both overweight and depressive symptoms become more common, increasing the likelihood of simultaneous occurrence. This raises questions about a possible association or common cause, as described in an early review article on obesity-depression associations in the population. 5 In contrast to the common idea that overweight might lead to unhappiness and consequently to depressive symptoms, recent reports suggest that depressive symptoms could also precede overweight 5 and thereby could be a risk factor for the development of overweight.
In particular, atypical depression has been considered related to development of overweight. 7 Despite the term "atypical," it is a common form of depression. 8 Atypical depression is characterized by mood reactivity and neurovegetative symptoms such as weight gain, hyperphagia, and hypersomnia, which renders it interesting in the association between depressive symptoms and overweight. Atypical depression has been described in children and adolescents, although it is not a distinct entity in this age group. 9 The objective of this review was to evaluate the evidence for the role of depressive symptoms in childhood and adolescence as a risk factor for overweight. Because we were interested in early risk factors for overweight, we focused on studies with a baseline measurement in childhood or adolescence in which at least 1 follow-up measurement was performed. We defined childhood as age 1 to 12 years and adolescence as age 13 to 19 years. To introduce the existing literature, assessment of depressive symptoms and overweight are briefly explained. Current hypotheses about the mechanisms involved in the relationship between depressive symptoms and overweight are also discussed.
METHODS

STUDY RETRIEVAL
A preliminary search of PubMed revealed that before 1997, no longitudinal studies in children and adolescents examining the association between depressive symptoms and overweight had been published. Moreover, most of the cross-sectional studies have been published in the last 10 years. Therefore, we performed searches of MEDLINE, EMBASE, and Web of Science in May 2007 for all indexed journals from January 1, 1997, to May 30, 2007 . Keywords included depression, depressive disorder, internalizing disorders, mental disorders, obesity, and overweight limited to "all child." Additional studies were identified in the bibliographies of the articles. Only English-language articles that were peer reviewed were considered. This resulted in 513 articles, of which abstracts were reviewed manually. Most articles concerned a different topic (n=460), such as "Exercise Therapy as a Treatment for Psychologic Conditions in Obese and Morbidly Obese Adolescents: A Randomized, Controlled Trial," 10 and "The Link Between Short Sleep Duration and Obesity: We Should Recommend More Sleep to Prevent Obesity." 11 Studies were excluded if conducted in an adult population (n=10) or in a population of all age groups (n=2). Reviews (n=5) were excluded as well. In addition, clinic-based populations of obese children and adolescents seeking treatment (n=5) were excluded because populations seeking treatment differ from population-based samples and, therefore, were considered beyond the scope of this article. In view of the limited number of published articles on longitudinal research, cross-sectional studies were reviewed as well, to support the existence of an association between depressive symptoms and overweight. We extracted age, sex, and sample size of the population; measure of depressive symptoms; assessment of weight and height (measurement or self-report); main result (positive, negative, or no association), and effect size. If available, odds ratios (ORs) or ␤ levels were used as indicators of effect size. If not, other available measures such as correlations and maximum explained variances were extracted. First, we included all studies that satisfied the inclusion and exclusion criteria (n=32, including 21 cross-sectional and 11 longitudinal reports). Second, we focused on the quality of the various studies. Quality was determined by 4 criteria, namely, whether studies were based on questionnaires specifically validated for depressive symptoms; whether investigators measured body mass index (BMI; calculated as weight in kilograms divided by height in meters squared) rather than using self-reported values; whether they also evaluated important confounding variables, specifically, sex, race/ethnicity, and socioeconomic status 5 ; and whether investigators reported an effect size. Four cross-sectional and 4 longitudinal studies were in accord with these criteria.
ASSESSMENT OF DEPRESSIVE SYMPTOMS AND OVERWEIGHT
Depressive symptoms can be assessed using various methods, depending on the perspective and taxonomic system but also on the nature of the sample being investigated. Various definitions of adolescent depressive symptoms have been adopted, specifically, depressed mood, syndromes that include depressive symptoms, and depressive disorder according to the Diagnostic and Statistical Manual of Mental Disorders. 35 These 3 approaches entail different measurement tools. Depressed mood and depressive syndromes are generally assessed using questionnaires that result in continuous measures, whereas Diagnostic and Statistical Manual of Mental Disorders depressive disorders are usually ascertained by diagnostic interviews, resulting in dichotomous outcomes. Despite differences in the various measurement tools, previous research has shown consistencies in the identification of depressed mood and depressive symptoms. 36 Nevertheless, not all studies included in this review used questionnaires that have been validated for assessment of depressive symptoms. Especially in large epidemiologic surveys, questions about depressive symptoms are commonly part of a broader evaluation of general psychosocial health. This implies that these surveys should be cautiously interpreted. To this extent, we evaluated the use of validated questionnaires in a quality assessment. For assessment of overweight in large epidemiologic surveys, BMI is recommended. This is not a direct measure of body fatness because it does not differentiate between muscle tissue and fat tissue, contrary to, for example, dual-energy x-ray absorptiometry. 37 However, weight and height measurements for BMI are practical and show a low measurement error and high reliability. 37 It has been reported that BMI is more accurate when weight and height are measured clinically than when obtained by self-reported measurements at home. Overweight and obesity are defined by BMI cutoff values based on large populationbased surveys. 15, 27 tween depressive symptoms and overweight (Table 1 ). Of these, 8 studies reported ORs ranging from 1.67 to 3.72 and 95% confidence intervals (CIs) from 1.08 to 10.2. Four cross-sectional studies reported effect sizes based on continuous measures. 13, 17, 28, 32 Statistically significant ␤ levels varied from 0.07 to 0.27, with SEs of 0.02 to 0.10. Pine et al 17 reported no significant result using linear regression analysis but a significant result using logistic regression analysis. Two studies 12, 34 reported correlations of 0.14 and 0.20, respectively. One study reported maximum explained variances of 0.003 and 0.005 (P=.001 and P=.01, respectively). 14 Two studies did not report any effect size. 25, 31 We found 3 studies that reported no association between overweight and depressive symptoms. 19, 22, 26 This could be explained by a small sample size in 1 study 19 and the use of a single-item questionnaire to evaluate depressive symptoms in another. 26 Moreover, these 3 studies did not provide any measure to quantify their findings. 19, 22, 26 One study based on self-reported weight and height reported a negative association. 20 Four of the 20 cross-sectional studies satisfied our quality criteria ( Table 1 ). In a population of 868 children aged 8 to 9 years, Erickson et al 12 reported a correlation of 0.14 between BMI and depressive symptoms in girls and no association in boys. Xie et al, 13 who conducted their study in 1655 Chinese adolescents aged 11 through 15 years, also found an association (regression coefficient, 0.27) only in girls. 13 Wardle et al 14 described 2 studies; however, a validated questionnaire for depressive symptoms was used only in the smaller study in 1824 adolescents aged 14 to 15 years. Analysis of variance revealed a positive association (F [2, 4231]= 6.97; P=.001). However, logistic regression analysis showed that the OR (95% CI) for having a score on the Depressive Symptom Scale in the top quintile in obese adolescents compared with those with normal weight was not significant for either sex (girls, 0.89; 0.44-1.81, and boys, 1.25; 0.27-5.66). The authors concluded that their findings provided limited support for an association between depressive symptoms and overweight.
In 2101 Turkish adolescents aged 15 to 18 years, no statistically significant association was found (OR, 1.74; 95% CI, 0.96-3.23). However, this could have been because of the low incidence of overweight (9.0%). 16 Thus, differences according to sex were found in the studies by Erickson et al 12 and Xie et al. 13 In 1 study in which subgroup analyses were performed according to race/ethnicity, significant differences were found between ethnic groups. Erickson et al 12 reported an effect in Asian American girls only, compared with white, Hispanic, and African American girls. 12 Whereas most studies were conducted primarily in white populations, 1 study was performed in a Chinese population. 13 This study by Xie et al 13 found a positive association in girls. Thus, racial/ethnic differences have been found, but the results are inconsistent. However, a positive association was found in both Asian populations studied. Socioeconomic status was adjusted for but did not change the associations. In addition to these covariates, pubertal status could be important in pediatric research. Puberty was not studied as a potential effect modifier in the mentioned studies.
LONGITUDINAL STUDIES
We found 11 reports on the longitudinal association between depressive symptoms in childhood [38] [39] [40] [41] [42] and adolescence [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] and subsequent overweight in adolescence and young adulthood in which a correction was made for overweight at baseline ( Table 2) . Two studies did not find such an association, 39, 47 which could have been because of limited sample size of a young age group in 1 of the studies.
Nine longitudinal studies reported a positive association between depressive symptoms in childhood and adolescence and subsequent overweight. 38, [40] [41] [42] [43] [44] [45] [46] 48 Odds ratios, reported in 7 studies, varied from 1.30 to 4.62, and 95% CIs ranged from 1.0 to 12.74. 38, [41] [42] [43] [44] [45] [46] Hasler et al 48 reported a hazard ratio of 11.52 in girls, which might be an overestimation because only retrospective data on childhood depressive symptoms were available, potentially resulting in a recall bias. 48 Two studies reported results from linear regression analyses with regression coefficients varying from 0.02 to 0.11. 43, 44 Linear mixed models revealed greater yearly gains in BMI z score of 0.09 U/y in girls with a history of depression. 40 Another study reported a higher adult BMI in participants who had major depressive disorder in childhood compared with an adult population without childhood depression (mean [SD] difference, 1.9 [4.7] ). 41 Four of the 11 longitudinal studies were in accord with our quality criteria ( Table 2 ). These included 1 study in which an association was not found. Tanofsky-Kraff et al 39 studied 146 children at risk for adult overweight, defined as being overweight (65.1% at the first measurement) or having at least 1 overweight parent. In this population, depressive symptoms at age 6 to 12 years did not significantly predict increase in body fat mass as measured by BMI and dual-energy x-ray absorptiometry 4 years later. That the sample size was limited (n=146 children), most of the children were already overweight, and most (n = 111) were younger than 10 years at baseline could have been responsible for these outcomes. Those authors hypothesized that depressive symptoms might be a more potent predictor of fat gain in older children. In a longitudinal study assessing depressive symptoms in both early and late adolescence, a significant association was found only between late adolescent depressive symptoms and adult overweight. 38 An association was found in the other 3 studies. Goodman and Whitaker 44 reported a 2.39-fold (95% CI, 1.05-5.45) increased risk of subsequent overweight in children with depressive symptoms. Their study was performed in a population of 9374 children aged 12 to 19 years at baseline and who were reassessed after 1 year. 44 Franko et al 43 performed a study in a cohort of 1554 female participants who were evaluated at 3 assessment points (mean age, 16.5, 18.6, and 21.4 years). 43 They reported an OR (95% CI) of 3.11 (1.13-5.12) for the association between depressive symptoms at assessment point 1 and overweight at point 3, and 3.50 (1.26-5.80) for the association between points 2 and 3.
A cohort of 177 children aged 6 to 17 years at baseline were followed up for 10 to 15 years by Pine et al. 41 They concluded that depressive disorder predicted adult 43 was performed in a cohort of girls only. Ethnicity was adjusted for in all 3 studies, 41, 43, 44 but none performed subgroup analyses. All 4 longitudinal studies that satisfied our quality criteria 39, 41, 43, 44 adjusted for socioeconomic status, which did not influence the results.
COMMENT
Most cross-sectional and longitudinal research that satisfied our quality criteria supports an association between depressive symptoms in childhood and adolescence and subsequent overweight. Evidence from the 4 longitudinal studies suggests that depressive symptoms in childhood or adolescence are associated with a 1.90-to 3.50-fold increased risk for overweight in later life (95% CIs varying from 1.02 to 5.80). In the 4 cross-sectional studies, a correlation coefficient of 0.14 and a regression coefficient of 0.27 were reported in girls, supporting the findings from the few longitudinal studies.
STRENGTHS AND LIMITATIONS
The main strength of our review is the systematic search we performed of all available literature on the specific association between depressive symptoms in childhood and adolescence and subsequent overweight, evaluated longitudinally. Earlier reviews included studies of both adult and childhood depressive symptoms. 5, [49] [50] [51] In addition, they were not systematic 5, 49, 50 and did not focus on depressive symptoms specifically, describing wellbeing, 52 mood disorders, 51 or psychopathologic conditions in general. 49 Two limitations must be addressed. First, it is difficult to compare the included studies. Both the crosssectional and the longitudinal studies differed in assessment methods. Body mass index was included either as a continuous variable in the analyses or dichotomized using cutoff values for overweight according to various criteria. Only 1 longitudinal study evaluated body fat measurements using dual-energy x-ray absorptiometry. This study did not find an association between depressive symptoms and body fat percentage, possibly because the sample size was limited, most of the children were already overweight, and most of the children were younger than 10 years at baseline. 39 Second, few studies have evaluated the presence of depressive symptoms in preadolescent children and the development of overweight in adolescence. Clearly, more studies are needed, not only regarding the association between depressive symptoms in adolescence and overweight in adulthood but also regarding the association between depressive symptoms and overweight at a younger age.
MECHANISMS
Hypotheses about mechanisms having a role in the association between depressive symptoms and subsequent overweight include various social and biological risk factors for overweight that have been previously associated with depressive symptoms. 41 These include factors that could mediate or moderate the association and factors that could influence both depressive symptoms and overweight at different time points. These third factors include neurobiological mechanisms that could be implicated through 2 different pathways, specifically, serotonin and its metabolites and the hypothalamic-pituitaryadrenal axis. Central serotonergic pathways have been implicated in disturbances in mood and appetite, 53 and various studies suggest that both depressive symptoms and overweight are related to dysregulation of the hypothalamic-pituitary-adrenal axis. [54] [55] [56] Factors that possibly mediate or moderate the association include reduced physical activity and use of antidepressant agents. Depressive symptoms are often accompanied by lethargy and social withdrawal, which could lead to reduced physical activity levels and, therefore, to increased risk of becoming overweight. However, this was considered a covariate in the studies by Needham and Crosnoe, 28 Goodman and Whitaker, 44 Barefoot et al, 45 and Hasler et al 46, 48 to control for possible confounding. Physical activity was assessed using a questionnaire 28, 44, 45 or interview. 46, 48 Adjusting for physical activity did not change the positive association found in these studies. Moreover, the study by Stice et al 42 evaluated physical activity, assessed using the Past Year Leisure Physical Activity Scale, as a predictor of overweight onset in adoles-cent girls. They did not find a significant longitudinal association, possibly because of reporting bias or highly fluctuating exercise behaviors over time. In accord with their findings, Berg et al 25 did not report different frequencies of physical activity, assessed using a questionnaire, in groups of adolescent boys with normal weight, overweight, or obesity. Inasmuch as all measures of physical activity were dependent on self-report, these results must be interpreted with caution. Reporting bias could have a role in the unaltered association between depressive symptoms and overweight when correcting for physical activity.
Use of antidepressant agents could also have a role in the association between depressive symptoms and overweight. 57 However, this was corrected for in the longitudinal studies by Pine et al 41 and Richardson et al, 38 which did not change the positive association found in these studies. Moreover, prescription of antidepressant agents is not common in pediatric populations.
It is also possible that an association between depressive symptoms and overweight is present in subtypes of depression. For example, atypical depression is characterized by, among other factors, increased appetite and excessive sleeping, 8 which could underlie later weight problems. Another possible mechanism is that in subgroups depressive symptoms are associated with developing binge eating disorder. This disorder is characterized by binge eating episodes accompanied by distress, loss of control, and absence of compensatory behaviors such as vomiting. The prevalence of binge eating in community-based studies has been reported to be 2% in German children aged 5 to 6 years, 58 8% to 26% in North American (ie, Canada and the United States) and British adolescent girls, [59] [60] [61] [62] and 2% to 13% 60 in US adolescent boys. Regular binge eating, defined as twice a week or more, was prevalent in 3% to 8%, respectively, of US and British adolescent girls 59, 62 and in nearly 1% of American adolescent boys. A higher prevalence of approximately 30% has been reported in obese youngsters seeking treatment. 63 Results from a prospective study in adolescents confirms earlier reports that binge eating disorder is associated with onset of overweight. 64 Depressive symptoms have been described as a risk factor for onset of binge eating disorder in 2 studies in adolescent girls and young adult females (age range, 17-38 years). 64, 65 This could be explained by the affect-regulation model, stating that binge eating provides relief of depressive symptoms.
CLINICAL IMPLICATIONS
Insofar as clinical implications, we can only draw tentative conclusions because further research that satisfies all quality criteria is needed. However, treatment programs for depressive symptoms should consider that depressive symptoms might have a role in the onset of increase in body weight. More specifically, binge eating and possibly even BMI should be evaluated. Treatment programs should be adapted to include prevention and treatment of overweight. On the other hand, in treating overweight individuals, it should be kept in mind that depressive symptoms could underlie the increase in body mass. Assessing depressive symptoms and binge eating warrants consideration, especially if treatment of over-
